Susceptibility levels of Aedes aegypti mosquito larvae, collected from Al-Taif governorate, Saudi Arabia were evaluated against three insect growth regulators (IGRs) Diflox flowable, Baycidal and Sumilarv as well as three plant extracts Thevetia nerviifolia, Plumeria acuifolia and Lantana camara. According to values of IC50 (concentration which to inhibit the emergence of 50% of adults), the IGR Diflox flowable (0.0028 ppm) proved to be more effective against mosquito larvae of A. aegypti than Baycidal (0.0033 ppm) and Sumilarv (0.047 ppm) by about 1.8 and 16.8 times, respectively. The change in the susceptibility level of the present mosquito larvae may be attributed to the differential mode of actions of the tested IGRs and its effective concentrations. On the other hand, the plant extract T. neriifolia proved to be more effective against A. aegypti larvae, followed by P. acuifolia and L. camara by about 1.3 and 3.7 folds, respectively. This was highly pronounced on the basis of IC50 values obtained which were in respect 85.5 ppm, 108.7 ppm and 317.4 ppm. Variation in the susceptibility status of A. aegypt larvae is possibly due to differences in the nature of active components present in the test plant extracts and its effective concentrations. Generally, the tested IGRs and plant extracts exhibited promising larvicidal activity and can be used as alternatives for mosquito control.
Introduction
Mosquitoes can transmit more diseases than any other group of arthropods and affect millions of people throughout the world. They act as vectors for several human diseases like malaria, yellow fever, dengue fever, chikungunya fever and filariasis in different parts of the world [1] [2] .
Mosquito control is critical for managing the spread of disease agents and is based primarily on the use of chemical insecticides. Drawbacks associated with widespread use of these conventional insecticides for mosquito control have not only resulted in attaining physiological resistance in mosquito strains but also caused long-term harmful effects on non-target organisms and other environmental components [3] [4] . Therefore, more attention has been recently paid to the use of non-conventional insecticides such as bioinsecticides, insect growth regulators (IGRs) and plant extracts for controlling mosquito vectors around the world [5] [6] [7] [8] .
The aim of the current study is to evaluate the biological effects of three IGRs as well as three plant extracts on the developmental stages of A. aegypti, the primary vector of dengue fever in Taif governorate, Saudi Arabia.
Material and methods

Collection and rearing of mosquitoes
Tests were performed on a field mosquito strain of Aedes aegypti raised from wild larvae, collected from Al-Taif governorate, Saudi Arabia, and had been maintained in the laboratory under controlled conditions of 27±1 °C and 70±5% R.H., with a photoperiod of 14 h: 10 h (L: D). The larvae were fed on powdered mixture of equal parts of biscuits, dried yeast and fat-free milk. The larvae were reared until pupation and adult emergence took place for maintaining the stock culture.
Collection of plants and extraction
Fresh larvae of T. neriifolia, P. acuifolia, and L. camara were collected from the plants grown in the garden of King Abdulaziz University, Jeddah. Leaves were properly cleaned, washed with distilled water and shade dried at room temperature. The dried leaves were powdered mechanical using commercial electrical stainless steel blander. Samples of powdered plant material each 30 gm were loaded in Soxhelt apparatus and were extracted with ethanol. The extract was subjected to a rotary vacuum evaporator to collect the crude extract. The extracts were stored in air tight container at room temperature and kept in dark until used.
IGRs tested
Three IGRs were used: Diflox flowable 10% SC (diflubenzuron), 1-(4-chlorophenyl)-3-(2,6-difluorobenzyl)-urea, INDIA Industrie Chimicale, Italy; Baycidal 25 WP (triflumron), benzamide-2-chloro-N-[(trifluoro methoxy) phenyl) amino) carbonyl], Bayer, Germany; Sumilarv 0.5G (Pyriproxyfen), 2-[1-methyl-2-(4-phenoxy) ethoxy] pyridine, Sumitomo Chem. Co., Japan.
Preparation of stock solutions
The stock solution of each IGR was prepared by adding 1 gm (or 1 ml) of it to 99 ml of distilled water. In the case of the plant extract, the stock solution was prepared by adding 1 gm of it to 99 ml of distilled water containing 0.5% trition X-100 as an emulsifier to ensure complete solubility of the extract in water, Series of concentrations were prepared in distilled water.
Larvicidal bioassay
The standard method of WHO [9] was conducted to determine the susceptibility level of A. aegypti mosquito larvae to the tested IGRs and plant extracts. Treatments were carried out by exposing the early fourth instar larvae of A. aegypti to various concentrations of the tested compounds in groups of plastic cups containing 100 ml of tap water. Five replicates of 20 larvae each per concentration, and so for control trials were set up. Cumulative mortalities of larvae and pupae were recorded daily. Live pupae were transferred to untreated water in new plastic cups for further observations, i.e., normal emergence, morphological abnormalities or death. Partially emerged adults or those found complete emerged but unable to leave the water surface were recorded separately but scored as dead ones. The percent mortalities in the treatments were recorded and compared with those of the control trials under the same conditions of tests. The biological effects of the tested compounds were expressed as the percentage of larvae that do not develop into successfully emerging adults, or the inhibition of adult emergence.
Statistical analysis
The SPSS software package was used for computing all larval mortality data including probit analysis, toxicity lines and statistical parametgers such as IG50, IC90, slope and (Chi). Results with P<0.05 were considered to be statistically significant.
Results and discussion
Percentage mortalities of A. aegypti larvae and inhibition of adult emergency following treatments with the effective concentrations of the tested IGRs and plant extracts are shown in Table 1 & 2 and illustrated by Fig. 1-3 . In general, treatments with the effective concentrations of the IGRs Diflox flowable (0.001-0.009 ppm), Baycidal (0.001-0.01 ppm) and Sumilarv (0.01-0.15 ppm) caused in respect 10-36%, 8-74% and 12-51% larval mortality. 8-33%, 9-44% and 14-42% larval mortality were also obtained when the 4 th instar larvae of A. aegypti were treated with the effective concentrations of the plant extracts T. neriifolia (60-160 ppm), P. acuifolia (80-180 ppm) and L. camara (100-900 ppm), respectively. However, as shown in Fig. 1 , the biological effects of the test IGRs and plant extracts were often manifested by the formation of a type of larval-pupal intermediate. Some pupae were died before the adult emerged as albino pupa (unmelaninized pupa). Most adults were emerged incompletely or left their tarsi attached in the pupal exuvia [10] [11] . In other words, the results thus may confirm the unsuitability of larval mortality records as a criterion for evaluating the efficacy of such compounds as they more Juvenilizing effects than toxic mode of action [12] . Therefore, the biological effects of the present IGRs and plant extracts were expressed as the percentage of larvae that do not develop into successfully emerging adults or the inhibition of adult emergence [9] . Table 1 The biological effects of the tested IGRs on the developmental stages of A. aegypti Generally, the results represented in Table 1 indicated that larval treatments with the above effective concentrations of IGRs Diflox flowable, Baycidal and Sumilarv caused in respect 25-91%, 14-94% and 17-90% inhibition of adult emergence. According to values of IG50 (concentration which to inhibit the emergence of 50% of adults), Diflox flowable (0.0028 ppm) proved to be the most effective IGR against A. aegypti, followed by Baycidal (0.0033 ppm) and Sumilarv (0.047 ppm) by about 1.8 and 16.8 times, respectively (Fig. 2) .
IGRs
Variations in the susceptibility levels of A. aegypti against the test IGRs may be attributed to the differential mode of action of the present IGRs and its effective concentrations. Laboratory and field studies in this respect were carried out by several investigators using different formulations of IGRs against various mosquito species such as the IGR triflumuron against C. quinquefasciatus in polluted water [13] ; The IGRs Diflubenzuron and Methoprone against A. aegypti [14] ; the IGRs pyriproxyfen and Methoprene against A. albopictus and C. quinquefasciatus [15] ; the IGR pyripoxyfen against C. quinqueasciatus in catch basins [16] ; the IGR Halofenozide towards C. pipiens [17] . On the other hand, the results showed that larval treatments with the effective concentrations of the test plant extracts T. neriifolia, P. acuifolia and L. camara against A. aegypti caused in respect 21-93%, 20-95% and 21-86% inhibition of adult emergence ( Table 2 ). As shown in Fig. 3 , their IC50 values were in respect 85.5 ppm, 108.7 ppm and 317.4 ppm. This means that mosquito larvae of A. aegypti were more susceptible to the plant extract T. neriifolia than P. acuifolia and L. camara by about 1.3 and 3.7 folds, respectively. It can be concluded that the change in the susceptibility status of A. aegypti mosquito larvae reflected by the inhibition of adult formation is possible due to variations in the nature of active ingredients present in plant extracts and its effective concentrations. Studies in this respect were conducted by several authors to evaluate the biological effects of different plant extracts against a wide spectrum of mosquito vectors [18] [19] [20] [21] . They pointed out that most of these plant extracts have been reported to exhibited mosquito larvicidal activities and may be serve as suitable alternatives for mosquito control. However, long term follow-up studies are needed to evaluate the possible delayed effects of such compounds on some biological and behavioural aspects of mosquito vectors.
Figure 3
The relation between concentrations of the tested plant extracts and the percentage of inhibition of adult emergence after treatment of 4 th instar larvae of A. aegypti
Conclusion
It is evident from our results that treatment with the tested IGRs and plant extracts exhibited promising mosquito larvicidal effectiveness against A. aegypti and these compounds can be used to replace conventional insecticides for mosquito control. Compliance with ethical standards.
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